to undergo a "reaction-inactivation" in the presence of Mg2+, Mn2+, or C02+, but not when Zn2+ is used in the reaction. In our studies attempting to reactivate the reaction-inactivated enzyme, we found that hydroxylamine was an inhibitor for the enzyme and that acetic anhydride could reactivate the hydroxylamine-inhibited enzyme (2). Acetic anhydride gave variable results in attempts to reactivate the reaction-inactivated enzyme. Recently, Buckel et al. (3) showed that citrate lyase contained an acetyl group that is necessary for enzyme activity. These workers showed that the acetyl group on the enzyme turned over during the course of the reaction; they also showed that inactivation of the enzyme by oxaloacetate (4) was due to the deacetylation of enzyme, and suggested the reaction-inactivation phenomena was also related to this process. Buckel et al. (3) suggested that the acetyl group was present as a thioester on the enzyme. In this paper we will present further evidence that the acetyl group on citrate lyase occurs as a thioester. We will also show that stoichiometric amounts of phosphopantothenate can be isolated from alkaline hydrolysates of the enzyme.
Citrate (pro-3S) lyase (EC 4.1.3.6) catalyzes the cleavage of citrate to acetate and oxaloacetate, and requires the presence of Mg2+ or certain other divalent metal ions. The enzymes from Escherichia coli and Klebsiella aerogenes have been shown by Singh and Srere (1) to undergo a "reaction-inactivation" in the presence of Mg2+, Mn2+, or C02+, but not when Zn2+ is used in the reaction. In our studies attempting to reactivate the reaction-inactivated enzyme, we found that hydroxylamine was an inhibitor for the enzyme and that acetic anhydride could reactivate the hydroxylamine-inhibited enzyme (2) . Acetic anhydride gave variable results in attempts to reactivate the reaction-inactivated enzyme.
Recently, Buckel et al. (3) showed that citrate lyase contained an acetyl group that is necessary for enzyme activity. These workers showed that the acetyl group on the enzyme turned over during the course of the reaction; they also showed that inactivation of the enzyme by oxaloacetate (4) was due to the deacetylation of enzyme, and suggested the reaction-inactivation phenomena was also related to this process. Buckel et al. (3) suggested that the acetyl group was present as a thioester on the enzyme. In this paper we will present further evidence that the acetyl group on citrate lyase occurs as a thioester. We will also show that stoichiometric amounts of phosphopantothenate can be isolated from alkaline hydrolysates of the enzyme.
EXPERIMENTAL
Citrate lyase was obtained from Boehringer and purified by chromatography on a Bio-gel A 1.5 M column. These preparations have been shown to be homogeneous by sedimentation equilibrium experiments. Enzyme assays were performed by the malate dehydrogenase method (1), with Zn2+ as the activating ion.
Pantothenate was determined microbiologically by measurement of the growth of a pantothenate-requiring mutant of E. coli (ATCC 14561), in a medium containing TG salts (5), 11 mM ,B-glycerophosphate, and 70 mg of glucose per liter.
RESULTS AND DISCUSSION
We had found that reaction-inactivated enzyme showed variable reactivation by acetic anhydride. If, however, the 1201 reaction-inactivated enzyme was first incubated with 1 mM dithiothreitol, then consistent reactivation was obtained. This finding indicated that, after deacetylation, oxidation of SH groups prevented acetylation by acetic anhydride. Table  1 shows the results of reactivation of enzyme that had been inactivated by hydroxylamine and by reaction-inactivation in the presence of dithionitrobenzoate. Reactivation by acetic anhydride could be achieved only after prior incubation with dithiothreitol.
Care must be taken in treatment with dithiothreitol since incubation of active enzyme with this substance results in significant inactivation (Table 2) . These results support the idea that the acetyl group necessary for citrate lyase activity exists as a thioester.
Buckel et al. (3) have proposed a mechanism for citrate lyase E-S -acetyl + citrate>± E-S -citryl + acetate E-S --citryl ± E-S -acetyl + oxaloacetate They point out that this scheme mechanistically relates (6) (7) (8) . As the first step in examining this proposition, we have examined purified citrate lyase for pantothenate. Table 3 shows that citrate lyase that had been dialyzed against 0.1 M KCl and subjected to alkaline hydrolysis contained stoichiometric amounts of pantothenate. Previous dialysis in 8 M urea-0.01 M dithiothreitol still yielded protein containing the same amount of pantothenate, thereby eliminating the possibility of adventitiously bound compounds that contained pantothenate causing a false result in this assay*. Control experiments showed that no pantothenate could be detected before treatment with alkaline phosphatase. Shorter periods of hydrolysis or reduced alkali concentrations led to greatly reduced yields of pantothenate.
It would appear, therefore, that active citrate lyase contains an acetyl thioester as part of its active site, and also contains stoichiometric amounts of covalently bound pantothenate. It seems logical to assume, in light of experience with other enzymes, that the acetyl group is on a 4-phosphopantetheine covalently bound to the enzyme. We are further investigating this question.
We are indebted to Dr. Walter Dempsey for the mutant E. coli and aid in the microbiological assays, to Drs. T. Wuntch and L. Hersh for assistance and suggestions in an earlier phase of these studies, and to Dr. M. Schlesinger for a gift of pure E. coli alkaline phosphatase. 
